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SECTION 1.0 


OTW PAN DESIGN 


1.1 StaiMARY 


An Onder-the Wing and an Ovar^the Wing fan rotor will be built and teatad 
as part of the NASA QCSEE program. 

The aerodynamic design of both the variabl«^itch UTW and fixed-pitch OTW 
geared fans was completed during the Preliminary Design Phase. 

At the major operating conditions of takeoff and maximum cruise* a cor- 
rected flow of 405.5 kg/ sec (894 Ibm/sec) was selected for both fans which 
enables common inlet hardware to yield the desired 0.79 average throat Itoch 
number at the critical takeoff noise measurement condition. The aerodynamic 
design bypass pressure ratio is 1.34 for the UTW and 1.36 for the OTW which is 
intermediate between the takeoff and maximum cruise power settings. The 
takeoff pressure ratios are 1.27 for the UTW and 1.34 for the OTW. The take- 
off corrected tip speeds are 289 m/sec (950 ft /sec) for the UTW and 354 m/sec 
(1162 ft/sec) for the OTW. These pressure ratios and speeds were selected on 
the basis of minimum noise within the constraints of adequate stall margin and 
core engine supercharging. 

The OTW fan employs 28 fixed-pitch fan blades. A flight version of the 
design would use composite fan blades, but titanium fan blades will be used in 
the experimental fan as a cost saving measure. The conceptual design with 
composite blades was used to establish the number of fan blades, and in 
conjunction with the aerodynamic design, the blade airfoil shape. The metal 
blades require a larger fan disk rim than would be required for composite 
blades. The fan disk support cone and the remaining fan components on the 
experimental engine will be of flight design. 


SECTION 2.0 


OTW PAN AEHOPTNAMIC DB81CN 


2.1 OPERATING REQUIREMENTS 

The major operating requirements for the over-the-wlng (OTH) fan. Figure 
1, are takeoff, Where noise and thrust are of primary Importance, and 
maximum cruise. Where economy and thrust are of primary Importance. A 
secondary requirement was to utilise hardware common to the UTW fan when no 
significant performance penalty was Involved. At takeoff, a low fan pressure 
ratio of 1.34 was selected to minimise the velocity of the bypass stream at 
nossle exit. A corrected flow of 405.5 kg/sec (894 Ib/sec), the same as for 
the UIH, at this pressure ratio yields the required engine thrust. The Inlet 
throat Is slsed at this condition for an average Mach nund>er of 0.79 to 
minimise forward propagation of fan noise. This slslng of the Inlet throat 
prohibits higher corrected flow at altitude cruise. The required maximum 
cruise thrust Is obtained by raising the fan pressure ratio to 1.38. The 
aerodynamic design point was selected at an Intermediate condition, which Is a 
pressure ratio of 1.36 and a corrected flow of 408 kg/sec (900 Ib/sec). 

Table I summarises the key parameters for these three conditions. 


Table I. 

QCSEE OTH Fan 

e 


Parameter 

Design Point 

Takeoff 


Total fan flow 

408 kg /sec 
(900 Ib/sec) 

405.5 kg/sec 
(894 Ib/sec) 

405.5 kg/sec 
(894 Ib/sec) 

Pressure ratio - bypass flow 

1.36 

1.34 

1.38 

Pressure ratio - core flow 

1.43 

1.43 

1.44 

Bypass ratio 

9.9 

10.1 

9.8 

Corrected tip speed 

358 m/sec 
(1175 ft/sec) 

354 m/sec 
(1162 ft /sec) 

359 m/sec 
(1178 ft/sec) 


2.2 BASIC DESIGN FEATURES 


A cross section of the selected OTW fan configuration is shown in Figure 
2. The fan outer flowpath, vane-frame including outer and inner flowpath, 
and transition duct Including the six frame struts are all common to the UTU 
fan configuration. Thus the integrated nacelle vane**frame assembly Is common 
to both propulsion systems. There are 28 fixed-pitch rotor blades. The overall 
proportions for the rotor blades, blade number, and radial distributions of 
thickness and chord were selected to provide a satisfactory aeromechanlcal 
flight- type composite configuration. However, to minimize overall program 
costs, titanium was substituted for the actual blade construction. The stall 
2 



















nirgln for tho OTW fan is projected to be adequate. The clrcunferentlel grooved 
casing treatment » hoiyever, can be retained from the UTW fan to provide added 
protection against stall. The rotor was positioned axially auch that the 
trailing edge hub '^tereects the hub flowpeth at the ssiie axial station aa the 
OTW Which puta the aft face of the fan disk at approximately the same angina 
station. A tip axial spacing between rotor trailing edge and vane-frame 
leading edge equal to 1.9 true rotor tip chords results. The vane-blade ratio 
la 1.18. loMdlately following the rotor* In the hub region* la a apllttar 
tdklch dlvldea the flow Into the bypeaa portion and core portion. The proximity 
of the splitter leading edge to the rotor blade is to enable additional design 
control on the atreaaillnea In the hub region to provide Improved surface 
velocity and loading distributions. The 156 OGV's for the fan hub* or core 
portion* flow are in the annular space under the splitter. There ere six 
struts in the gooseneck which guides the fan hub flow Into the core compressor. 

In the vane-frame* which is common with the UTW Fan* the vanes are non- 
axisymmetrlc In that five vane geometries* each with a different camber and 
stagger* are employed around the annulus. This oonaxlsynmatrlc gaoisetry Is 
required to conform the vane-frame downstream flow field to the geometry of 
the pylon* which protrudes forward into the vane-frama* and simultaneously 
maintelns a condition of minimum circumferential static pressure distortion 
upstream of the vane-frame. There are 33 vanes In the vsne-frsme which yield 
a vane-blade ratio of 1.18. 


2.3 DETAILED COMFICURATIOW DESIGN 


The corrected tip speed at the aerodynamic design point was selected at 
358 m/sec (1175 ft/sec). This was selected for design purposes* as a compromise 
between the tekeoff and cruise tip speed requirements. The objective design 
point adiabatic efficiency Is 881 for the bypass portion and 781 for the core 
portion. Requlrmnents include 161 stall margin at takeoff and high fan hub 
pressure ratio to provide good core engine supercharging. An Inlet radius ratio 
of 0.42 was selected* compared to 0.44 for the UTW fan* to provide additional 
annulus area convergence at rotor hub which reduces the hub aerodynamic loading. 
Discharge radius ratios are approximately the seme for the two fans. For the 
1.803 m (71.0 In.) tip diameter, a flow per annulus area of 194 kg/sec-m^ 

(39.8 Ib/sec-ft^) results. 

The standard General Electric axlsynmetrlc flow computation procedure was 
employed In calculating the velocity diagrams. Several calculation stations 
were Included Internal to the rotor blade to Improve the overall accuracy of 
the solution In this region The physical splitter geometry Is represented in 
the calculations. Forward of the splitter* calculation stations span the radial 
distance from OD to ID. Aft of the splitter* calculation stations span the 
radial distance between the OD and the topside cf the splitter and between the 
underside of the splitter and the hub contour. At each calculation station 
effective area coefficients consistent with established design practice were 
assumed. 

The design radial distribution of rotor total pressure ratio Is shown In 
Figure 3. This distribution is consistent with a stage average pressure 
ratio of 1.36 In the bypass region. The higher than average pressure ratio 
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FifCure 3. OTW Radial Dlatrlbution of Rotor Total 
Pressure Ratio. 
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In th« hiib rnglon provides naxinnm core snglns supsrehsrglng subject to e 
belenee betueen the conetrelnte of eccepteble rotor diffusion fectors, stator 
Inlet sbsoluts Ksch nuirf>srs, and stator diffusion factors. A stags average 
pressure ratio of 1.43 results at the core OGV exit. The sssunsd radial distri- 
bution of rotor efficiency for the design Is ehotm In Flguie 4 which was 
based on nsasurtd results from slnller configurations (Quiet Engine, Pen B). 

The assumption of efficiency rather then totel'-preesure-loss coefficient Is e 
General Electric design practice for rotors of this type. The redial distri- 
bution of rotor diffusion factor which results from these assumptions Is shown 
in Figure 5. Mgures 6 and 7 show the redial distributions of rotor relative 
Mach ttusd>er and air angle, respectively. At the rotor hub the flow turns 16* 
past axial idslch corresponds tc a work coefficient of 2.6. 

The assumed redial distribution of total-pressure-loss coefficient for 
the core portion OCV Is shown In Figure 8. The relatively high level, 
particularly In the ID region. Is In recognition of the very hi;;h bypass 
ratio of the OTW engine nd, accordingly, the small relative else of the core 
OCV compared to the rotor. The annulus height of the core stator Is approxi- 
mately 70X of the rotor staggered spacing, a significant dimension when 
enalyslng secondary flow phenomena. It is anticipated that a significant 
portion of the core OGV will be Influenced by the rotor secondary flows. The 
moderately high core OCV diffusion factors, turning angles, and Inlet Mach 
numbers, as shown In Figure 8, were contributing factors In the total -pressure- 
loss coefficient assumptions. An average swirl of 6* Is retained In the fluid 
at exit from the core OGV, like the UTU configuration. This was done to lower 
its eerodynamic loading. The transition duct struts designed for the UTU 
conflpiratlon were caiid>ered to accept this swirl. 

A tabulation of significant blade element paremeters for the OTU design 
Is presented In Table II. 


2.4 ROTOR BLADE DESIGN 


The rotor blade tip solidity was aelocted as 1.3. Ulth a rotor tip Inlet 
relative Mach number of 1.22. a reduction In tip solidity would lower the 
overall performance potential of the configuration. The rotor hub solidity was 
selected as 2.2. The primary factors In this selection were Che rotor hub 
loading end sufficient passage length to oo the required 56* turning. The 
radial chord distribution Is linear with ladlus. Mechanical Input was pro- 
vided to ensure that this chord distribution and the selected thickness distri- 
bution, as shown In Figures 9 and 10, produced a satisfactory aeromechanica' 
configuration. 

Tiie detailed layout procedure e;jployed In the design of the fan blade 
geometry generally parallels established design procedures. In the tip region 
of the blade where the Inlet relative flow Is supersonic, the uncovered portion 
of the suction surface was set to ensure that the maximum flow passing capacity 
is consistent with the design flow requirement. The Incldwnce angles In the tip 
region were selected according to transonic blade design practice which has 
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Table II. Design Blade Element Parameters for QCSBB OTW Fan. 

NUMfeNCLATURC fOR TABULATION 

MfcTRlC 

HEADING IOENTIMCATION UNITS 

GENERAL 


8L 

STRfcAMLINE NUMBER 

• 

RSI 

streah eunctiun 

• 

RADIUS 

streamline RADIUS 

CM. 

X INM 

percent immersion from outer wall 

X 

z 

axial dimension 

CM, 

BLKAGt 

annulus blockage FACTOR 

• 

PLOW 

HEIGHT FLOW 

KG/SEC 

angles and hach nuhsers 


PHI 

meridional flow angle 

DEG, 

ALPHA 

absolute flow angle bARCTAN (CU/CZ) 

DEG. 

BfcTA 

relative flow angle bARCTAN (•WU/CZ) 

deg. 

N-ABS 

ABSULUTE HACH NU.IBER 

• 

H-REL 

relative MACH NUMBER 

m 

VELOCITIES 


C 

ABSULUTE velocity 

M/SEC 

W 

relative velocity 

M/SEC 

cz 

AXIAL VELOCITY 

M/SbC 

u 

blade speed 

M/SEC 

cu 

tangential COMPONENT OF C 

M/SEC 

wu 

TANGENTIAL CUHFONENT OF W 

M/SEC 

FLUID PROPERTIES 


PT 

ABSOLUTE TOTAL PRESSURE 

N/SO.CM. 

TT 

absolute total temperature 

DEG*K 

TT^REL 

RELATIVE total TEMPERATURE 

0E6*K 

PS 

STATIC PRESSURE 

N/SQ.CM. 

TS 

STATIC TEMPENAIURE 

DE6-K 

RHC 

STATIC density 

KG/CU.METER 

EFF 

CUMULATIVE ADIABATIC EFFICIENCY 

referenced to pti» tti 

m 

PTI 

inlet absolute total pressure 

N/SQ.CM, 

tti 

INLET ABSOLUTE TOTAL TEMPERATURE 

DE6«K 

AERUDVNAHIC BLADING PARAMETERS 


TPLC 

total pressure LOSS COEFFICIENT 

m 

PRwROW 

TOTAL PRESSURE RATIO ACROSS SLADE ROW 

m 

DEL«T 

total temperature rise across rotor 

DEG*K 

D 

diffusion Factor 

• 

DP/U 

static pressure rise COEFFICIENT 

• 

cz/cz 

AXIAL VELOCITY RATIO ACROSS BLADE ROW 

m 

SOLDTY 

SOLIDITY 

m 

R*AVG 

average streamline radius across blade row 

CM. 

F»TAN 

TANGENTIAL SLADE FORCE PER UNIT BLADE LENGTH 

N/CH 

F-AXL 

AXIAL BLADE FORCE PER UNIT BLADE LENGTH 

N/CM 

F«COEF 

FLOW COEFFICIENT bCZI/UI 

• 

T-COEF 

WORK COEFFICIENT b(2*G«J*CP*DEL*T)/(U2*UZI 

• 




13 


Table II. Design Blade Eleaent Parameters for QCSEE OIW Fan (Continued) 
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Table II. Design Blade Elenent Paraneters for QCSEE OIV Fan (Continued) 
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rn*n*nrnm*oHtfn*n^fn«n 


MooMMfn 9 X*nM«tOo 

oo«nooxM>ni9o 9^ 
^fn^n^noxOMO oom(\i 

a>M«e«a«a^«a«a««(\|f>|ryi\l 


<MSMMxxoooni 9 MX 

UXCOOOmOOMOOO 

soooooooooooo 


' o O O O O M «« 


0XMM0«n00MMn»90 

V%MfMm«99X99*nn< 


aooooooooeeoo 


0X00 CniMMX «n«ax 
OMOJOKMfnMCP^OO 
0»nM^y|tdi0999999 

000009000000 


MinxoMfnxx^Minox 

• %0MO>IO90eM»«l9 


uiMooooonMoeoo 

otnx>M«>ini^*n*^9999 


X mOMOMOO^OOO 

X •#»#•••«•••• 
Mooo*noMmi^MVMo 
^fnoop^ooooo 

•t M 


•fcoo o^0Moo9*nx 
0090M00099niX 
MX OMOO ‘9XM«nr\|MO 
X »»»•••* 

9XXXX9 


•ooeoooeexxxo 

3 Mf\fM<VMM 0099 njO 
X9XXOM090 M09M 
I «aifa>^(n«n9 99XX 9 9 

X •••••••••*•• 


oni 9 on«Moc 9 xMMiv 

9O90O9«n«^XX90M 

Om 9 OOO MMXM9M«ik 

9 •••••••••••* 

X00090^0f^OM09 
OOOMOOXX9 999 


omooniMoo •xniMni 
900009*^MXX90 M 
MMO«aOe«<yxO*noe9 
OM9000 eeMXMOMM 
9 •••••••*•••• 

XOOOOO^OniOMOO 
O OOM.O 0XX9999 


otnoM cnieoOMCO 
^OOOOOmmXAIO'VO 
^^M)e«V9XMOfv«noo 
XOOMX99XOniXO^ 
MMoeooeooMM«e#\i 

ooooooooeeoo 


M OOOOOOONmmO 
X OX090009000 

X Miv 9 X o •« o o o e 

ooeooooooooM 


ooeoooooooo 


o 0X090009090 
X Mf\| 9 X O O O O O O o 


00000000909 
M O O O O O O O fV M M o 
O OX 090009900 

X Mr\| 9 xo oo o o o o 


iMlwmoXOMOO OmI 9 


^M(\i«n9XO^oooMni 

0> M «n M 
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MASS AVfcRACtO VALUES 

P1/PTX 1,S9AS EFE 0.90AO PT 1«.13? IT 519.9S TT/TTl I.tl0i2 Ci X7«,26 WON PI2/PI1 l*i9«8 
COUP* ELUA 300,411 COPP, ppp 3S9P.& 


Table II. Design Blade Elenent Paraaetera for QCSEE 01W Pan (Continued) 




9K«lflKO 
S «• e«{M « 


»•••• •••••• 




• • • • • 
9 »» » • « 


Ife « « « A 


o o 

• • # • • ^«e«e«n«e«« 


K«*«O0 
• • • • • 


x«ntftiH9 « 

^ • • • • • 


;A 

(It p» p*i pa 


« O •« « 
X f»> 9 9^ O • 
X • • • * • 
.I^PaCeeMI 
« 9 « « lA 




^ Al 0««fW K) 

I • 


X M Ai 9 e 
X • * • • a 
aa o 9 9 « o 
■A ia o 
M «e 


Pa(V^ 9 Pa 

09 09 9 

OAI9A»lAK 
X 9 09 *a 9 
XIMAI ••«>««« 


^ OIA9» 9 m 

J>M99 9 

hl'vin 
9^ a 

«Mf9l0 9MO 

9 OMMfa 

«i»»9 

OL iAlAlA9 9 


9 9 

• • * • • • 

9fO MO O O 

> (A 

X o O o 9 O 


m 


igof Aifxoi 

OO 

« tfir •»!*» ►. 


tel M 

9 a 

9 lA O MM o 


9 9 X 

«PafaOO O 

AI9 9 M9 

XAIX 

t • • a • a 

0ra»90 9 

^9 X 

X O O OO O 

9909^r» 

> 


o. a • • a • 

9 a 



X 

0;A «aa» o 

M M 

9^ X 


9^0 



9 U 

0«IAa«99*A 


X 

9 I • • M 

«l«0 MOO 9 


• 


o 


o • • • * • 

(g 


1 O pa 9iA 9 

Ol 


•-IA rAfA fA 




fV«9(99fM 
rA fA lA lA fA 


9 9 9 #A A 
99 9 «V|A 
^fVtAAf ••9 

X • • • • • 

A lA ^ lA 9 


9 9 fa l^iA a« 
9 09AI0 9 


X • fa 


0»9 Pa(9 PA ee 
90IA<V9 9 
mm 9 o 9 fa 
O90paPA9 
9 • • • • • 
X«*9 0*a«0 
(A 9 9 9 9 


Af O O O O 

aa 9 01 .«•• o 

909900 

oooo — 

•i e«M m 9 lA 


rg o o o o 
MO 01 MM o 
90 9 99 O 


^mOI 9 9 lA 
9 
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Table II. Design Blade Element Parameters for QCSBB 01W Pan {Continued). 
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Table II. Design Blade Eleaent Paraaeters for QCSEB OIW Pan (Continued) 


UP «aa««va«» 

•> u w u u mmT i t 






S « fWOK«d««« a 

tf| ^ M 


«vi/i w • ii« 

tiiiiiiiiii 

«« a« ed ad a« % A* 




{illllllii 

* • • •♦••••• 


» • ^ 0 papa ^ Ai M 
^•^0 adfA 00 f^M 


P«faa «0 0 l ^««0 0 •• 




^«al^KfyiAI 0000 

N*fiSS 4 iA 0 S V ^ 


S ^ (S fW 10 ^ 


^•dadadadadadededad 


00 0 0adl0 0 0 pa 
a* ad «d ^ AM0 ^ At Al 


acfWMUfWAitVIAI'VfW 


.^lAut/tuuuuue 

ut«*uMuu«M»e 


i a • • ■ 
» o o a ( 


a««a.u«* 2 «*ue 

MOU^eM Mivr> 


««*OU ••» » 

•>»•» »»»»•« 

MtoAifwntMiWfWM 


»$ 3 **(SSSe 

•» •• o o » u u M » e 


• lArfiwvwMniM 


XtfteauuMMiu 

^ii.r.iku*Mue«w 

e >«a <vi«t « lit 


«••••••••• 

• • — o 

^i|t*«^>W«*a>a*«» 


•••••••••■a 

•-» e K « 

MMM MM«a«VUU 


X «0K««0«»a 


«v«oyi*>« e o 


o 2 *»eSe 

aaaa aaaaaa 


S UM U lit laM* U aa 
O O » AilKl^MU 

•a^K^iituueue 

0>a«U^U«iA«» 
« aaaaaaaaa 
K •« aailte UO «U 


«U(tl«tfttaa*aUa* 

300 » 

*a^a>M i/tu o * « e 

a«>uuiitu«m«e 

«aaaaaaaaa 


oiAo«e 9 U» 

XU « lit •• ue 


•d 0OO0O000 
0 0^ 000 O0 0 

a «dAP 000000 


I0m0»a00 ^«dl00 0 0 0 Pa«0 

0 
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Table II. Design Blade Blenent Paraaeters for QCSEB 017 Fan (Oontlaaed) 


^ fOOR QtJAUTY 


•*» «sme«eoiA 

iiiiisiis: 

77777^77 


**535*2*’-- 


••••••••• 

*<e#»ee)e»e»e 


•fiifsif/s 




9(SSSSSSeS* £ 

«»■•••••>••• a 


3SSis:SSSS 

nlltlZZZZZ 

iiiiiiiiii 


Md^eMSee^fM 

•»»»•• 

mf^ •m^ m m 

a m m 0 ^m 
••••••••• 

il #2 M« « 

ve * 


ii 


e —e •*«>*»♦<*« 


tS^ 7 Z 7 z;:Z 

eiriite 


«ei* 

• enpeeaMMe 


is:;-::;:::- 

»>e «d«iM mmm 


*’^3 

2 1>^ •? • «»» d? t ^ 

I •« 

>iki«e«nMe»e 

• ••••••••* 

jt • « Mdi» me « >y 
»• ••» • eiR dllA 

^ •« e(W • • 

»22222(JiCiwiv 


« e*^ •><^ «< 

«)(>■• a> 

s»e»»ee*»» a« 
««••••••••• » 


•»3*2e*2S2 

^009900900 

JSS»S2s: 


M «• ^oeM* 

£o^»eM»«oe 


*"*^SSl«332S 


33S223SS3S 

s::sirs3sisr 

« ••••••••• 

■ «• e <• d» e e « >w 

e •■ a 


•• •eeeeeoS 
n ewove •# • 

^ MbetfieeSe 


"SsSSsSSSS 


• • • • • • 


sissajilsr 


m SaSaeSeS 

a, M^aiaeeSe 


itimttn % 


wIPeS^KaSM* 


- ssssssss 

m eiaoveeae 
K. Mi(i«d>eeS» 




i«nita «d«e^e» 


IB 


Ttble II. Design Blade Element Parameters for QCSBB 01W Pan (Continued) 


NOMENCWATVEf fW TAfUt.AUffli_. 


HCADlNB tOENTtrtCATION 

etHCEAL . 

•L tTRiAmLlNC NUNBCa 

Ml J?«KH ryaCTtoN . _ 

EAOlUt ITE&AMLINe EaOtUt 
^% .vm ^ PEEttMT IMiEBIQN fgOM QUTEE HALL 
z axial DiaeatioN 
fkKAtf ^NNMLVf BkOCKACe FACTOB 
FLOW MCtOHl FLOS 


ElliUIH. 

UMITI 


IN, 

X 

lA, 

LBM/SCC 


AMCLAA and MACH NUMBiMS 
FM| HkEiOIOML FLOH kHQll 
alpha AMOLWTA FLOe AHBLC 

HTA ACLAUVt FLOP AH0LC 

N*ABt ABBULUtt MACH HUHBBB 

M*BIL AtLATlVfc HALH HUMBtX 

VfcLUCStUB 
C 
« 

cz 

u 

cu 
au 


OCB. 

saRCTAN (CU/CZ) 0C6t 

saRCTAh (•aU/CZ) OEBt 


F1/BEC 

FT/BEC 

FT/BCC 

Fl/AfC 

FT/tCC 

F1/BEC 


absulute velocity 

RELATIVE VELOCITY 
AXIAL VELOCITY 
BLABC AFEED 

TAMBEHTIAL COaPONEHT OF C 
TAaSENTlAL COMPONENT OF N 


FLUID PROPERTIEB 

PT absolute total pressure LBF/S0,IN« 

TT absolute total temperature 0E6*R 

TT-REL RELATIVE TOTAL TEMPERATURE OEB*R 

PS STATIC PRESSURE LBF/SO||Nt 

TS STATIC TEMPERATURE 0E6*R 

RHO STATIC OENSIIV LBM/CU«FT« 

EFF CUMULATIVE ADlABATlc EFFICIENCY • 

nefenenceo to PTI» TTI 

PTI INLET ABSULUTC TOTAL PRESSURE LBF/SU,IN* 

TTI INLET absolute TOTAL TEMPERATURE 0EC»R 


AERODYNAMIC BLAOlNC PARAMETERS 

TPLC TOTAL PRESSURE LOSS COEFFICIENT 

PR«ROA total pressure maTIO ACROSS BLAUE RON • 

DEL*T TOTAL TEMPEMA^URi: RISE ACROSS ROTOR DES-R 

0 DIFFUSION Factor • 

OP/B static PRESSURL rise COEFFICIENT 

CZ/CZ AXIAL velocity RATIO ACROSS BLADE RON 

SOLDTY solidity • 

R*AVC AVERA6E STREAMLINE RADIUS ACROSS BLADE ROm IN, 

F«TAN TANOENTIAL blade FORCE PER UNIT BLADE LENCTH LNF/IN 

F*AXL axial Blade fonle per unit blade length lbf/in 

F-COEf FLON COEFFICIENT eCZl/Ul • 

T-COEF NORM COEFFICIENT s(ZaB*JaCP*DEL*T)/(U2*UZ) • 
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Table II. Desigp Blade Bleaeot Parameters for QCSEB OTW Fan (Continued) 


®W0 INAL Paci.. 


z 

i 

mjk i 

i 

i 


‘•MM 




Kaaesaeeeaeee 


*• e <v«> • • ^iw M* • » •••«••••« •< 








^aeMfaik.ei>»«aPte^ 




• •^iaaAaeoa 
^aai/taeviaaeaj^ 

•••oSSoSaaaeo 


m 'V a • 

IblVM • 


♦ a a ••• 
a <w«>iP •• 


«a»ei/<ap>aa aM»-c 
a^aaaaoMaaaaa 

aiinatf^iiPi^aaaatnaiiA 

aaSir*>*»**a*a^!^ 

i: 


j •• a a «A a a a A( — a I 
laait^a^aa *a a> 


«a^ia«>*>a «••»/< 


teaaa^a aarft«^a^ 


^a ^••a— *.»»fc.arf'aa 
^iwiaeapJa aaafJaa 

•>a%a»aa<raaaaa 

>-aaaaair^a^a^,/i 


aa^y«aa<aa4aai/»a 


Ss 

«• 

•4 

m 

• & 

• • 

• « 

*.S 




Si*. 



#E 


EE 


EE 


• » 

e» 

E E 



a • 

E 




^ • 
s 


s 

E U 



4» 




t 
C 

•t ^ 


B 

S 


3aa..^j«s>«a aa'w.' 
•«a^ aaa - aa*'*'‘*^a 
o^a^aaafk'aaM/'a 

«••••■••••••• 


I o a 

ma ‘W» ««a 


3aaMr>^a*»a aaM« 

Saaj>»aiSt*Sa77a 

a •••••••••■•• 

xaaoaaaaaaaaa 


a aa * a a aa • a a «> a aa 

^ a ,a aa a a a a a a 

• »•••••••••• • 

O • <» ^ o» o oo • «■ o 

j^-A.a.^a.^aa.22 j(- 
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Table II. Design Blade Element Parameters for QCSEE 01W Fan (Continued) 


i 


! 

I 

i 


I 


3 

X 

0 » 


2 S 2 3T 


«•••«• il 


H 

& 


§ 

I 


« in « fy 




xoiD^»x««innioo« 




o o •« ^ ni 10 o 

>»n«in«*o 9 




^ 9 « ni'« flO fU 9 • ^ 

sf^9in9(y««mM9«*^ 9 

9 ««9««99tt»f>»oirify9 

9 ••ly 9»^«n9 9 

«n9999f«>n>99999 

m «y F«» 09 «• 9 9 f^ i o 
yi9 9««moM099in^ o 
oc999i»»f^99inj««nin9 

• •••••••••••• 

X000000000900 

9999t^lA«C999>l^»n 
S«*in999909«*9n99 
9lAlnlnlntf>9^>^>9•99 
• •••••••••••• 

xoooooooeoooo 

9 Or»9*ef^«MF^9P^KO 
9f^m9 l/)99 omo OKfW 

«A*99^M9f^*^AlC99«»X 

ay>inm99'nm t 1 «• •• 

• • 

^OM999«499#^9««tn 
XO«*(\|otf>9ni(y«9ni9 
X**********«* 
^9 999««999990e 
9miynifyf«)*^fn999y>(n 

•*9(y«^«««9«nfi^09 
M 9 9 9 e «« m m o «« 9 
X************ 
xoo««m999*nfn9m9 

X ««9N>9f^99<yooO 

»rn0flD0tn9««r^n|m*9»«0 
(yfn99^»C0999 O 
M 

<oomin9in««i/>9«4|/>Mo 

»<aoin»«9m;n9f«»99m*« 

Pino9«r«e9fn9«<9^9 

x«n9-«9^9(yo99af^ 

ooooooooooe 
M ooooooom«m«*o 
flf> 0m0990fll9999 
«^iM9in99«>9990 

ooooooooooo«« 
^m«niin999f^a9 9*«M 

0) «4 em ^ 


9 9>9*9 O 9'9 9*9»9>9 9«9 
S£9*099999999P9 
^9 99999999999 

000900000000 


tti9 r»«*o9 «««no ifiiy o 9 
30«M 0l90i^ni<9<99>^^ 

uominot^omf^ ••fy 9 m 

• ••••*••••••• 

KOOooo*«**««fyfynMy 


90*^9l^^»9m09>»^4y 
Ik.9r^«*99fnifl9^999 
IfeOmo e-ain 9 9HbCC 919 

000000000000 


•*<99«90990in00««i9 


Mooooooooininmo 
0-««ryr»iyM<yo9 9 9 mo 
^9in«n0^099*409K 
V^9lf9f9f9999«nil99 


01999 0*9lAf909 **^***19 
O ••M 9 III 19 «9 «9 ««9 19 !<»> 9 
Ml9tflin0n»99OO*««*9l 


09 9 0 99 9«0^9 9 9 

K •••••••••• •• 

9 919 9 yit^ «*9 ly o ••9 9 

• 9<yo9min»^o9tfi99 

o99f»oOiH9 9«y (y «»«• 


Z90tfl««l9909iy99»» 

o************ 

9>t«- •• 9 •* O yiK 9 9 O 9 ly 

» 9m«9f9 9»^««0»>»0ini9 

o9imminin9oooooo 


Ifl99l>»909|jlin*9i99 

rynMy9«9«*v^Ofy»^^i9 

Q«a«m^009^»09m09 

X9O999KF^^0^i^F^O 

oeoooooooooooo 

oooooooooooo 


99it99mmomo(yr»9 

pi»9t>»l9|A9iyi9990«« 

9;n«990*99090990 
»->9 9l9l9f9Alfy9My«««««« 


O9ino«*9lAi««99 0 l^ 
f909999in9m099l 
99Kkfy09lA«*9Ki999 

oooointnin99^*9<y 


09 «*9 9«*t9(ytnOlll99 

lb•m9999mlyomln^^9 

• M90F«tn^9»«>A<090 
^*9fy^99»«>OO^m99 
»*’OOOJiiAinmiAiOinmar 


oooooooooooo 

99rf)9f9990r««n90 


>os*<9iyo9in9>oin9i9 

9lHOOiyi^0^00999| 

919 9 «^9 O «9««9 9 f»0 O 
f9i9i9fyf>|fyfy«*«««««««« 


9^oo«»fyf99^i9«*««oo 

0Oi990mn»9iy999l9 

0#9»9 M 9in0^900««iy 

o •••••••••••• 

o •* «s mm «««• oi fy fy <y 


f99 ««rmin«n909fy9«*m 

V99999999990O 

uoooooooooo«*«* 


mf^oyi90i90iyKi99 
0inf»«40«*09*«K(y9 0 
X.(y9ftf*»l^999in99f99l 

ooooooooooooo 


oino9om»«*Ko<««*tfi 

0•«m9^*i«•l9ik>99-90 

0«nf9Kll9f99999999 

OOOOOOOOOOOO 


^09iyo«m9000mmm««« 

^1^99999 

iDiAin/ui>J)4A4ntnji^in 


•^99199 9fy9^09*« 

099 099I^«««99 

»-'f*»99 0»m9««0fg«m99 

a.»*******m*»» 

999000mm^fyfy«m«m 

rnavmmmfyoi ryfyfuoMymry 


9 o Kun 9 ^ «*«n 9 ««in m o 

po«mr»>9««om**F>»9Pn(ii 

»40in««99in9i**994n«* 

0J)009*«9in9v«9«^9 

X^9««9*^9(yo999*^ 

^fn*nryfyfyfy<v«m«mmf«m 


oooeooooooo 
o o o o o o o m o 

n 0ll^099009900 

a. ^fy 9 «n 90 9 9 9 9 o 

OOOOOOOOOOOM 


^•mfy99in9^»990«*iy 
09 m« «m mm 


9 (V^9<y90m«y0mO9l^9 


iii9in*n«yfy«noo»<yAimm 

o<nininininin99Ko^^i^ 


xoooooooommmo 
o**'yF^ry«nryo999m9 
99/lin9r»>099«*09^ 
• «nmfnmin999iiMn99 


U99999*«««in4Vomo 

^i»»ine(y9iA«*9iy«n99 

^o9Km99in9Aiin9iy 

*-^«*eeooooo*««««*m 


ooooooooooo 
o o o o o o o m «« *« o 

9 0^099009990 

O. 9in 90 09 9 9 o 

ooooooooooo** 
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HASS averaged values 

RT/Ptl l.SVAS EPF V.9040 PT 20,A«S TT STS.Pl TT/TTl l,tlOS2 CZ 57l,75 RON PT2/PT1 t»S*M 
CORN* FLOP *79,931 CORK* NPN 3999.$ 


Table II. Design Blade Element Parameters for QCSEE OW Fan (Continued) 


9 




U ^ 9 X% 

(0 <n 


IM M 9 9 «• 

• • • * • 

3 C ^ O O «« 

B ^ lA 9 rA 

I 


4A 9 M 


^ 9 ^ r- 9 
U 9 • o 


9 *n •« 


4l O 9 9 9 9 
o o o e o 
< 90 90 9 
« <0 « <9 « « 
9 9 9 9 
9 • • • • • 
9 0 9 9 0 


^ 9 M 

9 « 9 9 

Ik nieo 9«*i 

^999 99 


ORIGINAL PAGE IS 
OP POOR QUALITY 


> 

8 


9 O 9«^9 
a f^«»9 
« 9 9 9 iT 


9 1% 9 O 


0 0 0 9 9 


M ^ O 9 
^*^99***^ 
»* 099 O O 
9 9 


9 9 »<* 

U 9 O 9 ^ 

J\ 9 


Mf^ IM 9 9 

• • • • • 

C 9 O 9 O O 
0 0 9 9 1^ 
9 lA 


M ^ Jt i/I /I 9 
^ 9 9 9 Al 9 
^ 9 •« 9 9 
V 4^ *niA 9 9 

^ • • • • • 

O. 


009 

O 9 9 9 -« 9 
m9 o «*o 
9 9 9 9 9 


J%9 ^ 

l4l «U*^ M M9 

X 9(/i «n in 9 

i • • • • « 

B O 9 9 9 O 


9 A| •« 9 9 

««is\ C 

Or^ 9 Ai 
X 

OL 0 0 9 0 0 

• * • • • 

09000 


•4f^ fA M X* 
<\| O M) Kk ^ 
• # • • • 

9 9 fW ^ 

»» f\i rv M Ai 

l/t i/> /I 41 i/k 


N 


X 

o 

M 

H 

g 

M 


CO 9 ^ ^ ^ 
S «A9 «■ «« O 
9 t^f». 9 CO O 
I • • • • • 
X e e o o o 


041 r*- o 

9 r*> 9 9 9 9 

c— • • ♦ • • 
Ul 41 «« 9 9 ^ 

9 I • • •« 

• 


< e 41 •« 9 
X ^9 9 0 9 
(k ■ • • • • 

^ 9 9 «*Ki 

< 9 9 9 41 jl 


!r 9 o 

& j «« 9- «A 

X # » • • * 

X Al o •« r\j 

I I 


1^ ^ M •>« (\t 
#*^ *4 9 O 
9 9 Kl r\i ^ 

X » • • • • 

41 9 9 9 9 


•i or* -• o 9 

.*« 9 9 9 X 

X • • • • • 

• 9 fk O 9 

^ X X X X 9 

^ X X 41 X X 


9 0 0 0 0 

•A ^ 9 X 

^ * • k * • 

^9 O •« •« *« 
9 9 9 9 9 
X X X X X 


X M ^ 9 O 

X • * • • • 

•^0 9 9 9 0 
X o 
H ^ 


o 9 •• 
K| X ««K1 9 
^ ^ ^ ^ 9 9 

X • • • • • 

•M <M M 
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Table II. Design Blade Element Parameters for QCSEE OTW Fan (Continued) 
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Tftble II. Design Blade Element Parameters for QCSEE OIW Fan (Continued). 
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T&ble II. Design Blade Elenent Parameters for QCSEE OVH Fan (CSoncluded) . 

STATKW 11.90000 Z 300.000000 BYPASS OGV EXIT EN6LI8N UNITS 
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PASS AVtRAGCO VALUES 

PT/PTl t,l6S7 CTF 0,6730 PT 20,110 TT ^70,43 TT/ITl 1,10746 Cl S7i,60 BO* PT2/PT1 0*9668 
CuPR, FlUh 626,476 CORN* RPM 3604*1 


Rotor Chord, in 



Figure 9. OTW Rotor Chord Distribution 




yielded good overall performance for previous designs. In the hub region, where 
the Inlet flow Is subsonic. Incidence angles were selected from NASA cascade data 
correlations with adjustments from past design experience. The blade trailing 
edge angle was established by the deviation angle which was obtained from 
Carter's Rule applied to the ember of an equivalent two-dimensional cascade 
with an additive empirical adjustment, X* This adjustment Is derived from aero- 
dynamic design and performance synthesis for this general type of rotor. How- 
ever, In the rotor hub, the significant turning past axial results in profile 
shapes that resemble Impulse turbine blades. Design practice In turbine blade 
layout suggested that blade sections using the full empirical adjustment would 
result In an overturning of the flow. This overturning by the rotor would 
aggravate a relatively hlgh-Mach-number-hlgh-loadlng condition on the core 
OGV. Consequently the empirical adjustment was reduced 2** In this region. The 
incidence and deviation angles and the empirical adjustment angle employed In 
the design are shown In Figure 11. 

Over the entire blade span, the minimum passage area, or throat, must be 
sufficient to pass the design flow Including allowances for boundary layer 
losses, and flow nonuniformities. In the transonic and supersonic region the 
smallest throat area, consistent with permitting the design flow to pass. Is 
desirable since this minimizes overexpansions on the suction surface. A 
further consideration was to minimize disturbances to the flow along the 
forward portion of the suction surface to minimize forward propagating waves 
that might provide an additional noise source. Design experience guided the 
degree to which each of these desires was applied to individual section layouts. 
The percent throat margin, the percentage by which the ratio of the effective 
throat area to the capture area exceeds the critical area ratio. Is shown In 
Figure 12. The values employed are generally consistent with past experience. 

The resulting blade shapes have very little camber In the tip region. 

In the mid-span region, the shapes generally resemble multiple circular arc 
sections with the majority of the camber occurring In the aft portion. In the 
inner region, the shapes are similar to a double circular arc. Figure 13 
shows plane sections through the blade at several radial locations. The 
resulting camber and stagger radial distributions are shown In Figure 14. 

Table III gives the detailed coordinate data (In Inches) for the blade 
sections shown In Figure 13. The coordinate center Is at the stacking axis. 


2.5 CORE OGV DESIGN 


A moderately low aspect ratio of 1.3 was selected for the core portion 
OGV to provide a rugged mechanical system. This selection was In recognition 
of the potentially severe aeromechanlcal environment of the core OGV, l.e., 
large rotor blade wakes, because of Its small size in relationship to that of 
the rotor blade. A solidity at the ID of 2.24 was selected to yield reasonable 
levels of diffusion factor. Figure 8. The number of OGV's which result Is 156. 

Profiles for the core OGV are multiple circular arcs. The Incidence angle 
over the outer portion of the span was selected from a correlation of the NASA 
low-speed cascade data. Locally, in the ID region, the Incidence angle was 
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Design Stream Function 
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Rotor Throat Margin, percent 


Figure 12. OTW Rotor, Percent Throat Margin. 
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Figure 13. CTW Fan Blade Plane Sections. 


Rotor Camber k Stagger Angle, degrees 


Figure 14. OTW Camber and St’igger Radial Distribution 






Tiblc tit. 01W Rotor Blado Coordinotoa 
SECTION 1 RADIUS 85.4 cm (33.6 In.) 
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Table III. OTV Rotor Blade Coordinates (Continued). 
SECTION 2 RADIUS 76.0 cm (29.9 In.) 
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•1,75646 

•1,2464/ 

-1,3/440 

•1,04126 

•1,5229/ 

-1 , (too 44 

-l,l4b2S 

-0,85/52 

-1,29019 

-U,H6491 

-0,8971 / 

-0,6/409 

-1.05802 

-0,/071b 

•0,6601 4 

-0,49099 

•0,62638 

-O.biwOb 

-0,42eic 

-0.30823 

- 0,59522 

-l.i' dSb 

-0,16906 

-0, 12584 

-0.36453 

•0,1 /e/e 

0,04496 

0.05619 

-0,13442 

0,D04bd 

0,27793 

0,23779 

0,09536 

<*,10224 

U,b096H 

0,41695 

0,32440 

0. 46141 

0,74014 

0,59973 

0,55254 

<>♦'34 0 76 

0,96910 

0,760(5 

0,77959 

<, 72066 

1.19614 

0,95990 

1,00560 

0,40196 

1.42080 

1.14665 

1.2306'; 

1 .<i6ee 1 

1 ,6426b 

1,41608 

1,45502 

1 ,20640 

1 ,661 ^6 

1,49195 

1.67871 

1 ,4b4H2 

2,0/691 

1,66640 

1.90163 

1 ,64u49 

2,26942 

1,83959 

2.12360 

1 .6262^ 

2,4966b 

2,01165 

2.34456 

2,01/10 

2,70494 

2.1»271 

2.56440 

2,206/4 

2,90631 

2,35294 

2.76300 

2,39701 

4,10888 

2,52252 

3.C0022 

2,SB//6 

3,30674 

2,69164 

3,21586 

2,74694 

3,46962 

2.83238 

. 3,39420 

d.e/ebH 

4.59894 

2,94512 

3,53619 

2,9047b 

4,612/2 

2,95540 

3,56710 

2,949‘itt 

4,60096 

2,93958 

3,60096 


Tkble 111. OVK Rotor Blade Coordinates (Continued) 
SECTION 3 RADIUS 67.6 cm (26.6 In.) 


Convex 


Concave 


X (Axial) Y 

3,50760 -3,63312 

3,32026 -3,61432 

3,32396 -3,60S7S 

3,31741 *3,36653 

3,;9‘^9i *3,32396 

3.1 742 *3,47a97 

3,22360 -3,414/9 

3,21009 -3,39714 

3,05099 -3,19363 

2,89161 -2,99309 

2,73233 *2,79472 

2,37313 *2,39834 

2,41360 -2.40433 

2.2^393 -2,21203 

2,09409 -2, 02146 

1,90204 -1,79496 

1,70970 -1,37061 

1,31704 -1,34667 

1,32404 -1.12912 

1,13066 -0,91136 

0,93692 -0,69618 

0,74273 -0,48506 

0.34809 -0,27227 

0,33299 -0,06397 

0,13740 „ 0.14169 

0,03670 0.34453 

0,23329 0,34442 

0,43229 0./4138 

0,62966 0,93333 

0.62779 1,12368 

1,02699 1,31258 

1,22/62 l,49«98 

.1,42989 1,67276 

1,63363 1,64601 

1,83664 2,01466 

2,04479 2,17941 

2,23192 2,33979 

2,43964 2,49616 

2,66636 2,64662 

2.87729 2,79766 

3,03154 2,91932 

3,16936 3,01431 

3,22012 3,02239 

3.23310 3,00466 


X (Axial) 

Y 


-3,30760 

-3,65312 

•3,30060 

•3,63597 

-3,29103 

•3,63325 

-3,27931 

•3,63056 

•3,26600 

•3,64154 

-3,23142 

-3,62765 

-3.23527 

-3,60977 

•3,11706 

•3,47364 

-2,94709 

•3,26066 

-2,77721 

-3,09005 

-2,60744 

-2,90160 

- 2 , 4377 a 

-2,71564 

-2.26624 

-2,53134 

-2,09686 

-2,34075 

-1,92964 

-2,16770 

•1,72661 

-1,93234 

-1,52426 

_-l,73e89 

-1,32206 

-1,52724 

-1,12019 

-1,31730 

-0,91666 

-1.10901 

-0,71/37 

-0,90236 

-0,51689 

-0,69738 

-0,31665 

-0,49417 

-0,11669 

-0,29285 

0,06240 

-0.09355 

0,28116 

0,10364 

0,47945 

0,29665 

0,o7/33 

0.49133 

0.67461 

0,6«163 

1,07157 

0,66993 

1,26/24 

1,03659 

1,46146 

1,24200 

1,65409 

1,42647. 

1,84322 

1,60991 

2,0350» 

1,79219 

2,22360 

1,97323 

2,41153 

2,15297. 

2,59830 

2,33129 

2,76463 

. 2.30602 

2.97079 

2,66297 

3,12560 

2,82726 

3.2480V 

2,94047 

3,26293 

2,96905 

3,25310 

3,00466 


Table III. OTW Rotor Blade Coordinates (Continued) 


OWGINAL FACE IS 
OP POOR QUALITY 


SECTION 4 RADIUS 56.9 cm (22.4 In.) 


Convex 


X (Axial) 

Y 

•3,70070 

•2,94436 

•3,71164 

-2,92529 

•3,71375 

“-2,6973/ ■ 

•3,70*120 

-2,66173 

•3,60470 

•2,8l97f 

•3,65130 

•2,77237 

-3,60574 

•2,71663 

•3,57466 

-2.66367 

•3,39242 

•2,46070 

•3,20996 

•2,26266 

-3,02726 

•2,09009 

•2,64431 

-1,90220 

•2,66105 

•1,71900 

•2^47743 

-1,54040 

•2/29\43l „ 

-1*36637 __ 

•2,07205 

•1,16353 

J»X,64999„ __ 

-0,96725 

•1,62722 

•0,77751 

-1,4«370 

•0,59431 

•1,17942 

•0,41765 

_?0^95435 

. -Q*24/49_ 

•0,72649 

-0,06361 

_-0t50162 

„.0,Q7356_ 

•0,27432 

0.22403 

.-.0^114601 

*36813 

0,16299 

0,50579 

.0,41270 

0,63694_ 

0,64329 

0,76116 

0,67469 

0,87605 

1,10755 

0,96727 

_1,3A126 

. 1,06660 

1,57567 

1,16199 

_i..6ll25 

-1,26748 _ 

2,04717 

1,34510 

_ 2,20342 

.1,41495 

2,51976 

1,97709 

2,75600 

1*53163 

2,99191 

1,57666 

.-3j227l7 

t«61636_ 

3,46159 

1,65125 

3,65635 

lj67Jt76 

3,60694 

1,66806 

__3^6.3_712 

.-1.66052,_ 

3,65621 

1,64690 


Concave 


X (Axial) 

Y 

•3,700f0 

•3,69407 

-3,68473 

•3.67305 

Ji^27^36' 

•2^94762 

-2,9'4759 

•2i^9439l 

•3.65952 
•3,64441 
-3,62746 ' 

-3,48527 
•3,26663 ' 
-3,09221 
-2,69603 
•2,70010 
•2,50446 
-2,30921 
- -2,11434 

•2,93615 
•2,92403 
-2,90783 
-2,76947 
•2,58312 
•2,40238 
•2,22707 
•2^05666 
•1,69150 
•1.73065 
- *11*51477 

-1,66106 

•1,39336 

- -1*64646 

•1 

-1,41656 

•1,04917 

-1,16544 

•6*66602 

•0,95506 

•0,72856 

0*7.2546 

•1U57662. 

•0,49666 

•0,43003 

-0.2666’ 

-!!?6^6863. 

-0,04154 

-0,15225 

0*16462 

•iU02ft6CL 

0,41046 

0,10572 

0*63.542 

0*22746. 

0,65949 

0,34500 

1,08255 

0.45680 

1,30454 

0,56932 

1,52549 

0*6I68S_ 

1,74553 

0,76147 

...U’*4fil 

J^663JL 

2,16355 

0,96161 

2,4P196 „ _ 

_1j.67675 

2,62027 

1,16831 

2,63869. .. 

1.25599 

3,05744 

1 133945 

3*2766.4 

1,41645 

3,49706 

1,49296 

3*.60U9 . 

1,55147 

3,62437 

1,59422 

. 3*65466 

i^6U29. 

itesaai 

1,64690 
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Table III. OTK Rotor Blade Coordinates (Concluded) 


SECTION 5 RADIUS 47.2 cm (18.6 in.) 


Convex Concave 



•4,01950 •2,0il76 •4,01950 03176 

-4,0^898 *2, 01315 -4,01144 ^^03526 

•4, 02044 •1,98691 *4,00466 *2,03594 

J»4,01988_ *1.95415 •3.99347 *2.03339 

•3,9"9904 *1,91614^ •3,9802T 62,02721 

*3^96615 *1,87371 *3,96527 *2,01717 

•3, 92184 -1,82620 -5,94822 ' -2,o6355 

-3,87249 *1,77546 -3.78535 *1,8 7231 

*3,67613 *1,57936 -3,56818 *1 ,76557 

•3,47906 *1,39170 *i,35l72_ _ *1, 54845 

•3,28116 *1,21231 *3, 13608 *1,40653 

-3,08235^ _ *1,04104 -2,921JS *lji26l46 

«2r88252 *6,87775 -2,70765 *1,13096 

-?2, 68156 *0,72245 -2,49507 * 1.00 864 

•^47939- - -0 ,57518. «2, 28111 - fl,.894at 

•2,23508 *0,40916 -2,03177 *0,76780 

5U-98887 -0,25492 -l, 78173 -0,6519 7 

»1, 74074 -0,11256 -1,53363 -0,54648 

-1 , 49077 0,01 780 „ -1 .28 735 *fl♦45ft76 

*1,23914 0,13620 -1,04274 *0,36410 

*0,98592 0.,2427ii -0,79971 -Q,28S B9 

•0,73122 0^33748 -o;S58l7 ^^otaisSs 

.•0*47.499 0,420 34 . -0 , 3 1 816 *1U15296 

•0,21717 0,49101 -0,07974 -0,09781 

_ JO , 04. 1.95 0 ,54 901 .0 , 1 5JZ19 -0^05007 

0,30202 0,59404 0,39356 *0,00965 

_0 « 56268 0,62589 _ 0 ,629 14 0«j02 352. 


0,82355 

0,64443 

0,86452 

0,04945 

_i-*0i|43.L___. 

0.6496P 

.l,099a3_ 

0.06805 

1,34491 

0,64119 

1,33564 

0,07905 

_i,60485 

0>6I896 , 

1,57199. 

0,08106. 

1,86388 

0,58256 

1,80916 

0,07650 

-8a.l2lS2_._ 

_fl, 53172 

-2,0.4776 

0 f 06l66 

2,57730 

0,46628 

2,28822 

0,03678 

_2,63088 

0,38623 

2,51088 

- -O^OOlOl 

2,86199 

0,29165 

2,77602 

-0,04651 

_3a1.3P12 

- .0*18207 

.-.3.Q2i94„, 

-*0aL0870- 

3,37576 

0,06074 

3,27473 

*0,17994 

..3,618j67__ 

-*0,07388 . 

3^2807- 

. .*0La26633.. 

3,85941 

•0,22026 

3,78357 

*0,36596 

-9a0585.3 

_?fi,35065 

-.-3,997i9_ 

•1U91899 

4,22191 

•0,46319 

4,17587 

•0,54165 

-Js2l916 

..*0,48730 

__4,2072?„ 

- *0,5.4482_ 

4,23503 

•0,52379 

4,23503 

•0,52379 
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reduced 4°. This local reduction in Incidence was in recognition of traverse 
data results on other high bypass fan configurations which show core stator 
inlet air angles several degrees higher than the axlsymmetrlc calculated values. 
The deviation angle was obtained from Carter's Rule as was described for the 
rotor blade, but no empirical adjustment was made. The resulting incidence 
and deviation angles are shown in Figure 15. An average throat area 5% 
greater than the critical contraction ratio was employed in the design. The 
throat area margin is shown in Figure 15. Locally, in the ID region, the 
margin is zero for the axlsymmetrlc vector diagrams. However, as noted above, 
the anticipated inlet air angle in this region will be several degrees higher, 
and therefore the capture area will be several percent lower than the axlsym- 
metrlc calculation. The effective throat-to-capture area ratio will therefore 
Increase to provide adequate margin. 

The multiple circular arc mean line consisted of a maximum radius arc 
forward of the throat, which occurs at the passage leading edge. This arc 
was determined by the incidence and throat area selection. A small blend 
region transitioned into a second arc prescribed by the overall camber require- 
ment. The resulting radial distributions of camber, stagger, solidity, chord, 
and thickness-to-chord ratio are given in 16. Figure 17 is a cylindri- 

cal section of the OGV at the pitch line radius. The coordinates for this 
section are given in Table IV. The coordinate data are in inches. 


2.6 TRANSITION DUCT STRUT DESIGN 


The transition duct flowpath is shown in Figure 18. It is common to both 
the UTW and OTU engines. The ratio of duct exit to duct inlet flow area is 
1.02. There are six struts in the transition duct which are aerodynamlcally 
configured to remove the 0.105 radian (6°) of swirl left in the air by the 
core OGV's and to house the structural spokes of the composite wheels (see 
Figure 2). In addition, at engine station 196.5 (Figure 2), the 6 and 12 
o'clock strut positions must house radial accessory drive shafts. The number 
of struts and axial position of the strut trailing edge were selected identical 
with the FlOl engine to minimize unknowns in the operation of the core engine 
system. The axial positions and thickness requirements of the composite wheel 
spokes were dictated by mechanical considerations. The axial location of the 
strut leading edge at the OD was determined by its proximity to the splitter 
leading edge in the UTW engine configuration. At the OD flovrpath, the strut 
leading edge is 17.8 mm (0.7 in.) forward of the wheel spoke. A relatively 
blunt strut leading edge results from the 26.7 mm (1.05 in.) wheel spoke 
thickness requirement. The wheel spoke is radial. The axial lean of the 
strut leading edge provides relief from the LE bluntness at lower radii and 
makes the LE approximately normal to the Incoming flow. A NASA 65-series 
thickness distribution was selected for the basic profile thickness which was 
modified for the special considerations required in this design. The strut 
thickness is the same for all radii aft of the forward wheel spoke LE (Figure 
18) to facilitate fabrication. A cylindrical cut cross section showing the 
nominal strut geometry at three radii is shown in Figure 19. The thickness 
distribution for the 6 and 12 o'clock struts was further modified for the 
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original PAGL ifc 
OP POOR QUALITY 


Table IV. OW Core OQV Coordinates at the 
Pitch Line Radius. 


Convex 


Concave 


X (Axial) 


X (Axial) 


•0.70090 
-gJ-..70008 

0.49928 
1LJI9048 

•8,698£9 

•8.46490 

0*49899 

8.4900? 

•0.69890 
-eQ< 89499 — 

0.48394 

0^47974 

•0.86394 

_ ■0.46497 

0.49662 

0.46410 

•0.66843 
■n.4Rh<a 

0.46613 

6>48iQ5l 

•8.68644 

•0.48166 

0,49073 

0.48430 

•0.66985 
-gfl^63889 

0.44040 
0^40933 

•8.69740 

•0.47860 

0.46172 

0.42409 

•0.60076 

-£lLlS87fp 

0.36934 

0.39484 

•0.97097 

•0.8448i 

0 .31796 
8.SS399 

•0.93130 
-^.49988 . 

0.20973 
Q«2989a 

•8.98320 

•0.489S3 

0,31900 

6.20790 

•0^49989 

0.21930 

•0.42781 

oTmoIo 

•0.42303 
lift. 37094 

0.10990 

_ 0lf4»98 

•0; 38917 ■ 
■04S44B1 

0.22620 

6.19169 

•0.33^0 
-jb 0..^0R8 — 

o.iiii7 

•0.29914 

•0.98414 

0.19908 

0.12044 

•0.24632 

■0.90199 

0^4494 

__ O.AiOfo 

•0.2i0l7 

•0^14897 

0.09976 

•0.1967Q 
-*9^1U67 

•O1OIO68 
oQ. Q389y 

?0. 12163 
■0.07803 

0.04776 

0.09418 

•0.06691 

_jift^il9i9f 

•0.60f48 
■Q.q844| 

•0.03427 

0.0Q638 

0.0020* 

■0.018S8 

0.02419 
— 0^OA9A4 

•0.10493 
■fltl?33t 

0.09290 
. A. 06437 

•0,03704 

•0.08882 

0.11916 
— (UlAi79 

•0.14043 
«.8. 11471 

0.13978 

i. 18319 

•0.07260 

■6| 088l§ 

0 . 20637 
— 0„^3i98 

•0*16936 

■0rl8l49 

0.22642 

0.94674 

•0.10299 

■0.11869 

0.29799 
0»34319 

-0.19198 

•n. 70194 

0.31386 

8.38439 

•0.12020 

■0.1S648 

0.38876 
0.J3428 

•0|2086l 

•ftj9fl477 

0.39979 

0.44319 

•0.14969 

•0.19008 

0.47973 
— 0 >32910 

•0; 21938 
_ .0.9974.^ 

0.48663 

0.8S0i9 

•0,16723 

■0.17487 

0.97036 

0.61SS9 

•0.22449 

•0.92496 

0.97386 

8.41703 

f 0.10099 
•8.184S0 

0.66096 
— 0>.7o966 

•0.22414 

•0.92C90 

8.66092 

8.7R914 

•dil9l09 

•6.10476 

0,74277 
— 0 >7.7178 

•0.21094 

1.74234 

0.77lfl 

•0,1970* 
■o' 19837 

0.77702 
— 0.JL2961 

•0.21344 
-0.20683 

0.7f679 

8.7»941 

•0.20069 
--fii 20033 
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Radius, in 










envelope of the radial drive shaft. Cylindrical cut cross sections of these 
struts are also shown in Figure 19. The leading edge 40Z chord of these 
further modified sections is identical to that of the nominal strut geometryt 
and aft of forward wheel spoke LE, the strut thickness is the same for all 
radii. The core engine has demonstrated operation in the presence of a similar 
thick strut in the FlOl application without duress. 


2.7 VANE-FRAME DESIGN 


The vane-frame performs the dual function of an outlet guide vane for the 
bypass flow and a frame support for the engine components and nacelle. It is 
a common piece of hardware for both the UTW and OTW engine fans. It is inte- 
grated with the pylon which houses the radial drive shaft at engine station 
196.50 (see Figure 2), houses the engine mount at approximately engine 
station 210, provides an interface between the propulsion system with the 
aircraft system, and houses the forward thrust links. The vane-frame further- 
more acts as an inlet guide vane for the UTN fan when in the reverse mode 
of operation. 

A conventional 06V system turns the incoming flow to axial. The housing 
requirements of the pylon dictate a geometry which requires the 0GV*s to 
undertum approximately 0.174 radian (10*) on one side and to overturn approx- 
imately 0.174 radian (10*) on the other side. The vanes must be tailored to 
downstream vector diagrams which conform to the natural flow field around the 
pylon to avoid creating velocity distortions in the upstream flow. Ideally, 
each vane would be individually tailored. However, to avoid excessive costs, 
five vane geometry groups were selected as adequate. 

The Mach number and air angle at Inlet to the vane-frame are shown in 
Figure 20 for both the UTW and OTW fans. In the outer portion of the bypass 
duct annulus, the larger air angle in the UTW environment results in a less 
negative Incidence angle for it than for the OTW environment. The Mach number 
in the outer portion of the annulus is also higher in the UTW environment. 

When selecting incidence an^^les, a higher Mach number environment naturally 
leads to the desire to select a less negative incidence angle. The amount by 
which the incidence angle would naturally be Increased due to the higher Mach 
number UTW environment is approximately equal to the Increase in the inlet air 
angle of the UTW environment. In the Inner portion of the annulus, the inlet 
Mach nund>er and air angle are higher for the OTW environment. The natural 
increase in Incidence angle desired because of the higher Mach number is approxi- 
mately the same as the Increase in the inlet air angle. As a result of these 
considerations, no significant aerodynamic performance penalty is assessed to 
using common hardware for both the UTW and OTW fans. 

Locally, near the bypass duct ID, there is a discontinuity in the aero- 
dynamic environment of the UTW configuration. This discontinuity represents 
that portion of the flow which passes under the island but bypasses the 
splitter. The calculation Ignored mixing across the vortex sheet. In the 
design of the vane geometry no special considerations were incorporated because 
of this discontinuity since it is believed that in a real fluid the mixing 
process will greatly diminish the vortex strength. 
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The v«nc chord at the OD was salactad largely by the mechanical requlra- 
mant of axial spacing between the composite frame spokes. At the TD the vane 
leading e'Yge was lengthened primarily to obtain an aerodynamical ly reasonable 
leading edge fairing on the pylon compatible %dr.h the envelope requirements of 
the radial drive shaft. The ID region Is significantly more restrictive In 
this regard because of choking cons Iderat Iona » particularly for the OTU environ- 
ment* with the reduced circumferential spacing between vanes. The solidity 
resulting from 33 vanes, an acoustic requirement, was acceptable from an aero- 
dynamic loading viewpoint as shown In Figure 21. The two diffusion factor 
curves are a result of the two aerodynamic environments, UTW and OTU, to Which 
the comDon vane frame geometry Is exposed. The thickness Is a modified i^ASA 
65-serlas distribution. Maximum-thickness- and tralling-edge-thlckness-to- 
chord ratios of 0.08 and 0.02, respectively, were selected at the OD. The 
same maximum thickness and trailing edge thickness were used at all other 
radii which results in maximum-thickness- and tralllng-edge-thickness-to-chord 
ratios of 0.064 and 0.016, respectively, at the ID. 

As a guide In the selection of the overall vector diagram requirements of 
the vane frame, a circumferential analysis of an approximate vane geometry. 
Including the pylon, was performed. This analysis Indicated, for uiiiform flow 
at vane Inlet, that the vana discharge Mach number was approximately constant 
circumferentially and that the discharge air angle was nearly linear circum- 
ferentially between che pylon wall angles. Figure 22, an unwrapped cross 
section at the ID, shows the flowfleld calculated by this analysis. The 
specific design crltei ..a selected for the layout of the f Ive-vane geometry 
groups was to change the average discharge vector diagram with zero swirl 
to vector diagrams with ± 5* of swirl and ^ 10* of swirl. 

The meanline shapes for each of the flve-vtne groups vary. For the vane 
group which overttims the flow by 4-10* the meanline Is approximately a circular 
arc. As a result of passage area distribution and choking consldcratons , the 
meanllne shape employed In the forward 25Z chord region of this vane group was 
retained for the other four groups. 

The incidence angle for all vane groups was the same and was selected for 

the group with the highest camber. A correlation of NASA low-speed cascade 

data was the starting point for the Incidence selection. Over the outer portion 
of the vane, where the Inlet Mach number is lower, the Incidence angles were 
slanted to the low side of the correlation. This was done In consideration of 

the reverse thrust mode of operation for the UTW fan. In this mode, the OCV's 

impart a swirl counter to the direction of rotor rotation. Additional vane 
leading edge camber tends to increase the counterswirl and therefore the 
pumping capacity of the fan. In the Inner portion of the vane the incidence 
angles are higher than suggested by the correlation because of the higher Inlet 
Mach number. Also, In the reverse mode of operation, this reduction In vane 
leading edge camber In the ID region reduces the swirl for that portion of 
the fluid which enters the core engine and tends to reduce Its pressure drop. 
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Design Stream Function 






Figure 22. Vane Prase Unwrapped Section at I.D. 




The deviation angle for each of the five vane groups was calculated from 
Carter's Rule as described for the rotor. The portion of the meanllne aft of 
the 25X chord point approximates a clrculai: arc blending between the front 
circular arc and the required trailing edge angle. For the vane group which 
undertums the flow by 10* the aft portion of the blade has little ca^er. 
Figure 23 shows an unwrapped cross section at the ID of two of the 10* 
over-cambered vanes and two of the 10* under-cambered vanes adjacent to the 
pylon. Note that the spacing between the pylon and the first under-cambered 
vane Is SOZ larger than average. This Increased spacing was required to open 
the passage Internal area* relative to the capture area, to retrieve the area 
blocked by the radial drive shaft envelope requirements. 

Table V gives the detailed coordinate data for the two vane geometries 
and the pylon leading edge geometry shown in Figure 23. The coordinate data 
for the nominal vane geometry at three radial locations Is also given In this 
i.«ble. The vane coordinates are In inches. 

The radial distributions of camber and stagger for the nominal and two 
extreme vane geometries are shown In Figure 24. The radial distributions of 
chord and solidity for the nominal vane are shown In Figure 25. The design 
held the leading and trailing edge axial projection common for all five groups 
which results In slightly different chord lengths for the other four vane 
types. 
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Typ 32 I 1 Place 



Figure 23. Vane-Frame Unwrapped Section 








T»bl« V. Vftne Frane Coordinates, 

Vane Type: Closed 2 

Radius 53.0 cm (20.86 in.) 


page is 
OS' POOR QUALITY 


Convex 


Concave 


X (Axial) 

•6,4l0759 

•6,4?87!» 

.!!fea46396 

• 9.44206 

•9aAUH 

-6,29419 


.R»34U6 
2,32790 
2,30949 
2,20616 
.2,25623 
2,22504 
-2, 10067 
2,05610 


X (Axial) 

-6,40210 
»6, 47014 
-6.45161 
•6,42730 
-6,39677 
-6.36025 
-6,31735. 


2,34116. 

2,34917 

2,3516t 

2,34066 

2,34011 

2,32555 

2,10561 


_-6,07ll9 

...1,83449 

-5.69460 

. 2,0.7990 

•5,63097 

1,63635 

•5,63592 

It92961 

_-5..50939 

_-l,45S47 

-5,37639 

1 #.19199- 

-5,34632 

1,27962 

-5,12236 

1,66526 

JiSaJOOlO 

-1.11977 

,-4,66939 

1 #54502- 

-4,65192 

0,97171 

•4,61855 

1# 43090 

-4,60256 

0,63339 

•4,36870 

1 #32361 

,3.0213 

— 0,A7697 

•4,07011- 

1 #20263 

-4,00106 

0,53619 

•3,77245 

1 #00090 

^-1,69886 

— 0,40426 

•3,47572 

0;96129 

-3,39590 

0,26251 

•3,17976 

0#07062 

_-3,09242 

0,16966 

•2,80431 . 

- 0,79499. 

—2 , 76089 

0,06546 

-2,50092 

0#60742 

_-2 ,46547 . 

•0.03115 

•2,29341 

. 0,59624 

•2,16202 

-0,12056 

•1,99793 

0#50613 

,07657 

-0,20369 . 

-•1,70246 , 

0,41693 

-1,57496 

•0,26229 

•1,40712 

0,32765 

jau7iio ... 

--0,35637 

-1.11200 

0,23941 

-0, 96707 

•0,42655 

-0.61710 

0#|5212 

-•0,66307 _ 

-0,49346 

•0,52225 

0,06612 

■0,35916 

•0,55754 

•0,22724 

•O^OtOOl 

_»0.a.05521 

-•0,61645 . 

0,06779 , 

•0,10206 

0,24694 

•0,67565 

0,36251 

•0,10531 

_ft,55329 

--0^7.3002 

. 0.65709 

-0,267.79. 

0,85774 

-0,76120 

0,95157 

•0;34073 

-.1,66223 

•0,82964 

1,24600 . 

. -0,42790.- 

1,46662 

-0,67466 

1,54034 

•0,50454 

_J,.U161 

•0,91602 - 

1,03440 

. •0,5797.7 - 

2,07653 

•0,95211 

2,12040 

-0,65013 

..2,20133 

.-0,96311 . 

2,42260 

-0^71727 

2,66567 

-1,00936 

2,71719 

•0;77045 

-4aO0924. 

-•1,03206 

3,01255 

. .. -0,03m.. 

3,24155 

•1,04667 

3,25934 

-0,06032 

-J3»4UU 

.M, 03953. 

3,42574 

•0,90974 

3,46656 

-1,04155 

3,47004 

-0#917S3 

. 3,50006 

•0,96095 

3,50000 

. -0,90095._ 
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Table V. Vane Frame Coordinates (Continued). 

Vane Type: Pylon Leading Edge 

Radius 53.0 cm (20.86 in.) 


Convex Concave 


X (Axial) 

Y 

X (Axial) 

Y 


2,39154 

•6,48132 

2^39l5fl- 

•6,48475 

2,38081 

•6,47148 

2,39700 

•6j48}6| 

2,36491 

•6,^45525 

2a39I12 

-6,47179 

2,34406 

•6,43279 

2,39173 

•6,4&S09 

2.31849 

•6,40420 

2,38068 

•6,45144 

2,28828 

•6,36944 

2,36404 

•6, 40116 

2,25305 

•6,32808 

2,34232 

•6,28510 

2,12454 

•6,17848 

2,26374 

•6.06174 

1, 8.9420 - 

- - "S, 90277 

.2^12120 

•5,82801 

1,69458 

•5,63744 

1,96162 

•5,58938 

1,50620- 

. •5.37700 

1 ,65W7 

•5,55069 

1,32592 

•5,11662 

1,73488 

•5.1ll5i 

_ 1.15579 _ 

•4,85694 

_la63Jil6 

•4,86999 

0,99135 

•4,59920 

1,53737 

•4,62695 

0,83784 

_»4^343t7__ _ 

1,45104. 

•4,35554 

0,66380 

•4,03770 

1,36062 

•4,0585b 

0,49997 

-3.73397 . . 

1,28070- 

•5,74142 

0,34566 

•3,43206 

1,21133 

_?5j 44249 

-0,20051 - 

_ -•3,1521I._ 

1,15184 

•5,14194 

0,06430 

•2.83378 

1.10152 

•2^84029 

•0,06572 

-2.53655 

1,05974 

•2,53811 

•0,18441 

•2.23985 

1,02564 

•2i25601 

•0.29875 

•1,94507 

0.99894 



— «0,40770- 

•1,64646 .. . 

. a^OMlO 

•1,63088 

-0,51145 

•1,35045 

0,96310 

-•1*52713 

.•0,60978 

•1,05531 - 

0,95241 

•1.02219 

•0,70205 

•0,76138 

0,94519 

_-0*J16l7 _ . 

— •0,78789. 

- -0,46851 

0,94075 

•0,40945 

•0,86865 

•0,17635 

0,94005 

J?JI,10190 . - 

•0,94573 

0,11497 

0,94418 

0.20685 

•1,01906 

0,40510 

0,95304 

_ -0,51627 _ 

. •1,08627 

0,69456 

0,96621 

0,82574 

•1,15361 

0,98398 

0,98345 

_1, 15505 

-.-1,21546 

. 1.27354 

-.1,00450 

1,44405 

•1,27381 

1.56343 

1,02671 


--•1,32623 

2,14355. 

1«08451 

2.03355 

•1.37574 

2,44720 

1.11734 

3.50000 

-1.64800 

3.50000 

1.20800 
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Table V. Vane Frame Coordinates (Continued). 


Vane Type: Open 2 

Radius 53.0 cm (20.86 In.) 


Convex 


Concave 


X (Axial) 

•6,^0210 
"6, 40759 
-6’i 48653 
•6*. 47873 
-6i4639i 
"6)44195 
-6i41309 
•6; 29837 
*6 1 06881 
•5,82663 
•5,58259 
•5,33663 
•5io074O 
■4,83591 

•4;5S3l7 
•4,27666 
•3 i 97293' 
*3 , 66610 


w w 

90S 


2.34116 
2,S27yi 
2,30950 
2.20619 
2.25«30 
2,22597 
2,1889.3 
'2.0574^3 
1,04U13 
1.65165 
1,47/46 
1,31730 
1.17343 
1,04408 
~0T9?6ff2~ 
0,60069 
0.68^41“ 
0.59230 
0 , 5087r 
0 . 43/68 
0,37917 - 
0.31258 
0,29797 
0,27447 
0,26103" 
0.25681 
0, 26100 ~ 
0,27293 
0,f92ir 
0.31915 
0,35426- - 
0,39664 
0,44568 ■ 
0,50099 
0,96243 - 
0^63035 
0,70496 
0.78549 
0,87086 
0,95941 
1,03479 
1,08/72 
1712317 - 
1,59138 


X (Axial) 

- 6.48210 
s6, 47013 
«6, 45 i80 
"6; 42726 
-6^39669 
-6, 36oq6 
31705 
-6)i6673 
-5,09719 
- 5 ; 64026 
-5)38519 
-5 , i32o5 
-4,88217 
-4.63456 


— 4 - 

•• ” • M w y 

--^•09378_ 
-3 , BCToSd 
-3,50849 
..3,21733 
-2.92668 
-2;63676 
-2 , 3467 0 
-2;o5652 
-1,76592 
^ 1,47473 

-1,18284 
-0^89033* 
-0,59728 
-0; 30369 
-0^00952 
0; 28547 
0,58146 
0.87027 
1,17570 

1)47401 

1) 77304 
2,67295 
2.37364 

2) 67486 
2,97614 
3; 22691 
3,39850 
3,45700 

3) 50000 


2,S4ii6 
2 1 34918 
2,35163 
2t 34891 

_ 2i34021 
2 132574 
2,30598 
2i23i9i 
2,08881 
1)94846 

_1}82404 

i,7iS40' 

It6ll7l 

J^l)Sl847 

“i75l3'400“ 

_1a 34319 
1,26249 
l,i9083 
l,i2737 
Ij07l94 
1,02425 
0,98319 
0)94770 
0.91756 
6 ; 59269 ■ 
0,87302 

'0)65854 

0,84962 

0) 84652 
0,84873 
6)85570 
0,06776 
6,88407 
0,90731 

~ 6)93516 
0,96799 
r, 00552 
1,04642 

1) 69772 
1,S5510 

"1)20994 

1,25063 

1124339 

1.19138 
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_*2*46549 

0,10210 

•2,16009 

0,03377 

JEU65A76 

.. ..*0,02657 

•1,54964 

•0,07997 

j»1,2M70 

*0,12720 

•0,93983 

*0, 16694 

.•4^63494 

•0,20566 

*0,33012 

•0,23761 

-•9*02535 

•0,26417. 

0,27916 

•0,26464 

_A,58J^16 

-0.30022 - 

0,68725 

-0,31091 

__l.l?t68 

•0,31606 

1,49640 

•0,31452 

_.UW035 

_.-0,30547 

2,10352 

-0,28652 

2,40575 

_ _ *0,26457 

2,70721 

•0,23490 

_1,(LQ816. 

-0,20101_ 

3,25669 

•0,17029 

3^42732 

•0,14776 

3,47656 

*0,12066 

3,50000 

•0.05474 


* 2,31339 

*2,01966 0,67162 

*1,I2625_.. 046aS56- 

*1.93246 0»54166 

*1,13647 4*^460l<t 

*0,64442 0*42105 

*0,55036 _ fl»16il9T- 

*0,25626 0,31230 

0.03786 .0,26266 

0,33230 0,21567 

- 0,62722 0^3Z4i4 

0,92205 0,13016 

1,21636 .0,09158 
1,51076 0,06272 

1,80573 . 0,03155. 

2,10149 0,01793 

2,39619 0,00641 

2,69565 *0,00204 

2,99363 046M07 

3.24220 0,01049 

.3,40969 0,.02.082_ 

3,46729 0,00351 

3_,500ft0 . *0,05«74- 


i 
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Table V. Vane Frame Coordinates (Continued). 

Vane Type: Nominal 

Radius 69. d cm (27.48 in.) 


Convex 


Concave 


X (Axial) 

•5a5B7M. 

>S,S920d 

•s.saeae 

•5,b/767 
•5 ,55620 
•5 •53036 

*5,41795 

*4,99074 
!4alIl«I- 
>4,54950 

>4,09911 
»3,07166 

-?X»5! 
>3,32237 
-?l 3, 04629. 
•2,76943 
■2e.491.96> 


UftSlS5L 

t, 03561 

1,01511 

1,78979 

lalOOlt .. 

1,72642 

le^68025__ 

1,61416 

Ie-44123 

1,26915 

1,14424 

1,00677 


X (Axial) Y 

j*5L, 50754 U851S9L 

mS, 57402 1,06239 

.• 5 ^ 55 « 39 _ MOm. 

•5,52679 1,06034 

*>5.ft9l5A LalOlOS- 

•5,44092 1,08215 


•5,30236 
-•5a( 
•4,82004 
jl4,5061.4. 


■2,21403 

•U93551 

>1,65657 
»X,37 716_ 
>1,09766 

l(U0102JQ 

>0,53699 

•0e26Dl9 

0,01626 
.0»2’653-._ 
0,57456 

U2S232 

1,12961 
—U4963.4.._. 
1,66247 

_lit9.5J797 

2,23262 
„le50lO3__. 
2,76065 

— }a.OU09_._ 
3,26146 


0,76160 

0,65193 

JUS296l0l 

0,41733 

-0^U473. 

0,22135 

JleilOHS. 


>4,35334 
•4! 12313 


1,80216 

xgAinA. 

1|S9775 

aaO.9961- 


•i;89500 

•3,66800 

.ml«.3909a 


1,40620 

i.aI2fl.06. 


1«2IS67 

lil5607 

1,06657 


3,47002 

..JelOiM. 


0,05946 

Oe 00932 

0,06966 

Ae 12194 

0,16670 

©.,20440 

0,23556 

A,26Mt 

0,26092 
0^29522. _ 
0,30326 
itO ,30529 . 

0,30174 
(U29289 
0,27890 

•iU25944 

0,23433 
?0e20431 . _ 
0,17056 

>11473 

0,10422 
A,A«3.89__ 


•3,12669 0,90267 

je2,05l73 

•2,56935 0,62965 

-■2,32156. 


•2,05420 

•l.TOJAi-- 

•1.52125 




0,69304 
,62999. 
0,56940 


•0,90960 0,45603 

•0^45707 o!s5607 

.■0>ma2 (U31220- 

0.07536 0,27132 

_ A >34234. Q>23362- 

0,60952 0,19920 


1,14497 
.X>41349L 
t, 60260 
_4>93234- 


0,14009 
.fl>m 04 . 


2,22272 
--2,49376. 
2,76537 
3>03736 


0,09902 

6 ,00196 


0,07231 
2,06471. 


0,06229 

2».06610. 


0,05633 

9 >ei 941 _ 


3,26416 0,07653 

.3,409 77 0,00830 


3,46701 

— 3,50.QM. 


0« 06006 

A,0(L921. 
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Table V. Vane Frame Coordinatea (Concluded) 


Vane Type: Nominal 

Radius 90.1 cm (39.9 In.) 


Convex 


X (Axial) 

Y 


1,64519 

-a.soiai 

1,62777 

•a, 49961 

1,60425 

•<<,9«913 

1,57488 

•0,06969 

1,540.12 

•4, 04110 

1,50020 

•4,00352 

1.45490 

-4,36001 

1,40601 

-4,1786b 

1,23208 

-5,98730 

1,08043 

•5,79412 

0,95890 

-3,59889 

0,80698 

•5t4008b 

0,68675 

•5,20110 

0,57686 

•5,00058 

0,4f5l8 

_?.2, 75845. 

.0,36285 

-2,51543 

0.26054 

_-2,2/155 

0,16734 

•2,02632 

0,08355 

.•1,78065. 

0,00833 

•1,55055 

•0,05869 

•1,28796 

-0,11786 

•1,04094 

-0.16833 

•0,79565 

-0,21076 

-0,54628 

-0,24579 

-0,29894 

-0,27378 

•O,0Sl84 

-0,29518 

.0,19482 

-0.31062 

0,44100 

•0,32059 

„0, 68675 

-0,32477 

0,95213 

-0,32276 

. 1,17721 

-0,31479 

1,42173 

-0,30120 

1,66547 

-0,28339 

1,90844 

-0,25863 

2,15059 

-0,22976 

2.39198 

-0,19569 

2,65272 

-0,15716 

2,87315 

-0,11508 

^5,11556 

-0,07029 

3,31547 

-0,03164 

3,43200 

-0,00838 

5,48205 

0,02185 

5,50000 

0,08854 


Concave 


X (Axial) 

Y 

4,49480 

1,64519 

4.46003 

1,65611 

4,45764 

1,66064 

4,42603 

1,65851 

4.38719 

1,64946 

4,34056 

1,63344 

4,28574 

1,61098 

4.22984 

1,58666 

4,01147 

1,48459 

3,80307 

1,38218 

3,59652 

. 1,28894 

.3,39201 

1,20396 

3,19030 

la 12394 

2.99032 

1,04840 

2.79129 

0,97765 

2,55353 

0,89860. 

2,31666 

0,82511 

2,06126 

0,75648 

1,84660 

0,69213 

1,61258 . . 

. 0,63195 

1.37902 

0,57580 

1,14590 

0,52287 

0,91323 

0,47240 

0,68083 

0,42448- 

0.44852 

0,37939 

0.21617 

0,33741 

0,01642 

0,29879 

0,24945 

0,26389 

0,48296 

0,23289 

0,71691 

0,20524 

0,95120 

0,18045 

1,16580 

0, 15981 

1.42096 

0,14150 

1.65692 

0,12812 

1.89364 

0,11880 

2.13118 

0,11295 

2.36947 

0,11011 

2,60842 

0,11097 

2,84770 

0,11677 

3.08696 

.0,13000 

3,28679 

0,14794 

3,40618 

0,16054 

3,46416 

0,14584 

3,50000 

0,08854. 










Chord, in 


Radius, in 



Figure 25. QCSEE Vane Frane 






SECTIOW 3.0 


OTW PAW ME TIANICAL DESICH 


3.1 OTW PAW ROTOR SUMMARY 

Th« OTW expttrlntntAl fan haa 28 flxad-pltch natal bladaa with a 180 cn 
(71 in.) fan tip dlanatar alnllar to that of the UTW fan. This rotor la ahown 
In Plgura 26. Tha coneaptual daalgn of thla fan la based on using coa^oslte 
fan blades* but laatal blades will be used for reasons of economy and low risk. 
The conceptual composite bladed design dictates the absence of blade shrouds* 
determines the number of fan bladaa* and affects the slslng of such parameters 
as tha blade solidity* reduced velocity* and leading edge thickness. In the 
flight engine* composite blades would be substituted for the Mtal blades with- 
out aerodynamic change or compromise In the composite blade mechanical design. 
While the demonstrator fan disk Is heavier than the comroslte bladed flight 
weight disk* It reflects a flight configuration In both design criteria and 
material selection. A comparison between the experimental and flight OTW fan 
design criteria la given In Table VI. 

The OTW fan has both a forward rotating spinner and aft flowpath adapter. 
The Inner flowpath formed by these two parts and the blade platform Is Idantlcal 
to the Inner flowpath of the UTW fan from a point near the blade trailing adge 
aft. The tip speed of the OTW fan Is about 14E higher than for the UTW Pan. 

The OTW fan* reduction gear, and fan frame assembly are shown In Plgure 27. 


3.2 OTW PAW BLADE 

The OTW fan blades will be machined 6AI-4V titanium forgings. The steady- 
state operating stresses In the blade are relatively low* reflecting the rela- 
tively low tip speed of this fan. The mechanical design of these bladee avoids 
resonance and fan blade Instability In the operating range. 

The fan blades are a "low-flexed" design* l.e.* the first flexural fre- 
quency of the blades is less than two times the per-rev frequency of the fan 
in Its operating speed range. Without a thicker blade root* which would have 
been aerodynamlcally unsatisfactory* low-flsxlng was necessary because of the 
lack of blade shrouds. This approach* though not common. Is used successfully 
on General Electric's TF34 fan and J79 stage 1 compressor blade and was 
successful on NASA's Quiet Engine C fan. The first flexural blade frequency 
Campbell diagram Is shown In Plgure 28. The frequency of the disk-blade 
assembly will be somewhat lower than the Individual blade frequency (solid 
curve* Plgure 28) due to the flexibility of the supporting fan disk. This 
allows for some adjustment of the 2 per-rev resonant point during final disk 
design as shown by the two dashed lines. This resonance crossover will occur 
below approach fan speed but above flight Idle In a region of the performance 
map not used for steady-state operation. The Campbell diagram for the first 
three modes la shown In Plgure 29. In the absence of frame struts or Inlet 


61 



62 



Table VI. QCSBE OTK Fan Deaign Criteria 



Demonstrator 

Flight 

Materials 



Disk 

Titanium 

Titanium 

Blades 

Titanium 

Composite 

Number of Blades 

28 

28 

Per Blade Centrifugal 
Load, N 

(lb) 

558,696 

(125,600) 

184,156 

(41,400) 

Design Point Speed, rya 

3792 

3792 

Design Burst Speed, rpm 

5729 

5729 

Disk Low>Cycle Fatigue 
Life (Min) 

> 48,000 
Flight Cycles 

> 48,000 
Flight Cycles 

Disk Low-Cycle Fatigue 
Life with Initial 
0.025 X 0.076 cm 
(0.01 X 0.03 In.) 
Defect 

> 16,000 
Flight Cycles 

> 16,000 
Flight Cycler 







100% N 
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Figure 29. QCSEE OTW Fan Blade Campbell Diagram 



guide vanes ahead of the fan, higher order resonances have not been a problem 
on similar configuration engines such as TF34 and CF6. 

Blada "instability" or "limit cycle vibration" can be a problem on fans. 

It la characteriaed by a high amplitude vibration in a single mode, (normally 
the first flexural or torsional mode) at a non-integral per-rev frequency. It 
la not one of the classical airfoil flutter cases and la apparently confined 
to cascades. Because of the non-llnearlty In the aerodynamics involved. It 
has resisted practical solutions by solely theoretical means. Accordingly, 
General Electric has adopted a seml-emplrlcal "reduceu velocity" approach for 
limit cycle avoidance. Reduced velocity gives a measure of a blade's stability 
against self excited vibration. This parameter Is defined as Vr ■ W/bf^ 

idiere: 

b - 1/2 chord at 5/6 span-ft 

W > average air velocity relative to the blade over the outer third 
of the span-ft/sec 

f( * first torsional frequency at design rpm-rad/sec. 

The basic criterion used for setting the design of the OTW metal blade 
was the requirement of having a reduced velocity parameter no higher than 1*5. 
This allowable range Is based on previous testing of a variety of fan configura- 
tions in combination with the specific aerodynamic design of the OTW blade. 

The design practice Is to have the blade stall before Instability occurs. 
Blade Instability apparently does not occur once the blades are stalled. The 
blades are designed so that when the fan Is throttled, stall Is expected to 
occur before the empirically predicted blade Instability Is encountered. The 
blade stability Is affected by varying the blade chord and thickness distribu- 
tion which changes the reduced velocity parameter. The operating and stall 
characteristics of this blade are presented In Figure 30 In terms of reduced 
velocity versus incidence angle. This shows an acceptable blade design In 
idilch the throttled fan will stall before encountering the anticipated blade 
stability limit. 

The OTW composite flight blade would have additional stability margin due 
to the higher stlffness-to-welght ratio possible In con^oslte designs. 

The blade will be attached to the disk by a conventional dovetail. The 
outer flowpath contour will permit Individual blade removal In the engine with- 
out the necessity of "drop down" dovetail slots. This dovetail will be plasma 
sprayed with a copper-nlckel-lndlum coating for dovetail fretting protection. 

Figure 31 shows a QCSEE OTW fan blade model. The design description of 
the blade Is provided In Table VII and In Figures 32 and 33. 
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Figure 30. Limit Cycle Boundari 
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Figure 31. OTW Fan Blade. 
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Table VII. QCSEE OTW Fan Blade 


Number of Blades 28 

Fan Tip Diameter, cm 180.3 

(in.) (71) 

Airfoil Length, cm 52.1 

(in.) 20.5 

Aspect Ratio 2.1 

Average Root Centrifugal 

Stress, N/cra^ 15,291 

(psi) (22,177) 



Blade Tip 

Blade Root 

Chord, cm 

26.31 

20.68 

(in. ) 

(10.36) 

(8.14) 

Max. Thickness/Chord, % 

2.65 

8.6 

Solidity 

1.3 

2.34 
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Span, percent 



Figure 32. QCSEE OTW Fan Blade Chord Vs. Span. 
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3.3 OTW FAN DISK DESIGN 


The OTV fan disk will be machined from a single-piece 6A1-4V titanium 
forging. An Integral cone attaches the ring disk to the main reduction gear 
shafting. The blades will be retained In the disk dovetail slots by Individual 
steel straps and tangs on the blades. The spinner and aft flowpath adapter 
attach to flanges on the OD of the disk rim as shown in Figure 34. 

The fan disk Is designed for a burst margin of 141X of the maximum cycle 
speed and for a low-cycle fatigue life In excess of 36,000 flight hours. 


3.4 OTW FAM SPINNER 


The OTV spinner and aft flowpath adapter will be fabricated from the same 
6061 aluminum forgings used for corresponding parts on the UTW fan. Fan 
balance can be performed without removing the spinner by means of radial spin- 
ner balance weights, and the blades can be Individually removed and replaced 
in the field by removing the forward spinner only. Access holes In the aft 
adapter permit unbolting the nunber one bearing support cone and pulling the 
disk and main reduction gear as a complete package. Since the OTW fan does 
not have a pitch change mechanism, the forward spinner cap also provides 
access for a visual Inspection of the main reduction gear. 


73 



Figure 34. 


OTW Fan Rotor. 
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